1. Two methods for the Separation and Demonstration of creatine kinase isoenzymes are described i.e. electrophoresis on cellulose acetate and on electroendosmosis-low agarose.
Introduction
The enzyme creatine kinase (ATP: creatine phosphotransferase, EC 2.7.3.2.) catalyses the reaction: The enzyme is a dimeric molecule being widely distributed amqng muscular tissues (l -3). At least three creatine kinase dimers exist in the cytoplasm (4), namely muscular type (MM), brain type (BB), and cardiac type (MB). Further variants designated äs macro creatine kinase were described äs IgG-linked creatine kinase (type l) and oligmeric forms of mitochondrial creatine kinase (type 2) (5 -8). However, äs the isoenzymes are relatively tissue specific, their measurement in serum has become clinically a valuable procedure for the diagnosis of muscular disorders (9 -11) . Widely divergent results have been obtained for the quantitative distribution of the creatine kinase variants in sera (7) ; this is explained, at least partly, by the limitations of the electrophoretic method used:
1. The nonspecific staining with tetrazolium salt is relatively unreliable for demonstration of the respective isoenzyme in the low activity ränge.
2. The inactivation of the isoenzyme may occur, owing to the lack of or to limited amounts of thiol compounds in the electrophoretic fnediüm.
3. In a coupled enzyme assay, the introduction of coupling enzymes into the gel in the staining solution leads to a substantial diminution in the sensitivity of the method.
In this paper techniques for electrophoresis on cellulose acetate and electroendosmosis-low agarose are described which render them adaptable to both routine and research purposes for Separation and quantitative determination of creatine kinase isoenzymes. Quantitative determination of creatine kinase catalytic activities
Materials and Methods
The optimized spectrophotometric method on the reconv mendations of the Germari Society for Clinical Chemistry (12) was used to measure total creatine kinase with a Hitachi Rate Analyzer at 25 °C, creatine kinase-MB was determined at 25 °C after immunoinhibition of creatine kinase-M subunits by specific antibodies.
Electrophoresis

Cellulose acetate
Electrophoresis was carried out on cellulose acetate Strips in 73 mmol/1 tris-base, 24 mmol/1 barbituric acid and l mmol/1 dithiothreitol at pH 8.6. The cellulose acetate Strips (equilibrated in the buffer described above) were blotted between filter papers and mounted on a Boskamp microphor chamber. Samples of l to 2 tissue extract or serum were applied using a disposable nonheparinized 5 capillary tube. Electrophoresis was performed in a cpld room (6-8°C) at 300 voits for 35 min.
Eleciroendosmosis-low agarose
The procedure for the preparation of thin layer gel (0.5 mm) äs described elsewhere (13) was used here with the following modifications:
a) The glass plates were washed with detergent and methanöl.
b) To obtain small wells for the application of sample$, srriall pieces of 2 4 mm Rotex label tape were out and mounted on glass plates (125 240 3 mm) with a spacer at a distance of 4 cm from the cathodic side. The -glass was then ieft overnight to dry.
c) The electrophoretic gels were cornposed of 10 g/l agarose in 73 mmol/1 tris-base and 24 mmol/1 barbituric acid at a pH 8. 
Agarose films
After electrophoresis the agarose film was removed and placed on a glass plate äs carrier. A piece of Sartorius membrane filter type SM11200 was cut and placed in a staining dish containing solution 2 concentrated 1.5 fold. After soaking, excess reagent was removed and the membrane was fixed on the agarose film by means of a clean squeegee avoiding entrapment of air, placed in a humidity chamber and ineubated for 35 min at 37°C. Both agarose film and membrane sheet were then dried separately with a stream of cold air and inspected under UV Illumination to locate the bands.
Blood samples
The samples were obtained from patients attending the intensive care unit and from out-patients. Included were specimens from patients suffering from myocardial infarction äs well äs patients having no myocardial affection. Blood was centfifuged immediately and the serum obtained stored at 4°C before electrophoretic Separation and quantification of isoenzymes. Specimens not analysed on the same day were stored at -20°C, analysed within one hour after thawing.
Evaluation of electrophoretic rnethods
In ordef to establish the detection limit and to examine the linearity of both methods, dilution series were prepared from specimens containing creatine kinase-MM and creatine kinase-MB isoenzymes, using electrophoretic buffer containing l g/l bovine serum albumin äs diluent. Each dilution was assayed fpr total creatine kinase and creatirie kinase-MB by the immunoinhibition test. Two microliters were applied for each dilution to both cellulose acetate and agarose film for electrophoresis (each dilution series was analysed ten times for statistical purposes). The peaks obtained for each dilution were then scanned under automatic zero and automatic peak delimiting settings. Two microliters of creatine kinase-inactivated serum (heated a t 56 °C for three hours) were also analyed äs above. To evaluate the within-run precision, a commercial Detection limit and linearity
The sensitivity of both methods was estimated äs described above by preparing dilution series from samples obtained from patients with proven myocardial infarction (tab. l and flg. 1). With two microliter samples, the densitometer response was linear with total catalytic activity concentration up to 700 U/l at 25 °C. This designated the upper limit of both cellulose acetate and agarose electrophoresis.
The measured creatine kinase-MB levels in both methods correlate well with total creatine kinase catalytic activity (tab. l, r = 0.995 for cellulose acetate and r = 0.997 for agarose). Furthermore the CV tends to increase with decreasing activity of creatine kinase-MB. However, even at a level of 3 U/l it is still acceptably low in both methods. Below 3 U/l both methods were relatively insensitive when 2 microliter samples were applied. The smallest value for creatine kinase that could be distinguished from zero (when two microliter samples were used) at a 95% confidence level is 3.0 + 0.9 U/l for the agarose and 3.0 ± 0.7 U/l for the cellulose acetate method (tab. 1). The results obtained by överlaying cellulose acetate membrane on agarose gel (in brackets) were similar to those found on agarose film.
No Variation from zero was observed, when a heattreated creatine kinase-inactivated serum was electrophoresed and scanned äs described above.
Within-run precision
We evaluated within-run precision of both methods by making multiple applications of Ortho Control to both cellulose acetate and agarose gel which were electrophoresed simultaneously. All patterns were scanned using automatic delimiting of peaks and automatic zero settings. The following results were obtained (mean -h 3 S. D.): creatine kinase-BB 18 ± 4%, creatine kinase-MB 24 ± 5%, creatine kinase-MM 58 ± 6% using agarose gel and creatine kinase-BB 18 ± 4%, creatine kinase-MB 25 + 3% and creatine kinase-MM 57 ± 4% using cellulose acetate electrophoresis respectively. These results were similar to those obtained by various methods äs stated in the assay data of the Ortho Creatine Kinase-Isoenzyme Control Serum Lot No. 071Y02.
To assess the contfibution of the densitometer imprecision to within-run uncertainty, we performed repeated scans of single patterns of CPK ISOTROL (Sigma) using automatic delimiting of peaks and zero automatic, äs well äs manual, to study the contribution of the mode of delimiting to total scänning imprecision. No significant differences were noticed. The CVs 0.56%, 0.2%, 0.34% and the means 116 U/l, 185 U/l, 129 U/l were found for creatine kinase-BB, creatine kinase-MB and creatine kinase-MM respectively when the control serum was diluted 4 times.
Between-run precision
Aliquots of frozen (-20°C) Sigma control were äna-lysed by both methods pver a period of two months to evaluate between-run precision. The results obtained showed no significant differences. The CVs obtained for creatine kinase-MM were 6.1% and 4.9% for creatine kinase-MB 4.7% and 4.2% for creatine kinase-BB 4.7% and 5.6% for the agarose and cellulose acetate methods respectively. The means were 129 U/l and 133 U/I for creatine kinase-MM, 189 U/l and 189 U/l for creatine kinase-MB, 111 U/l and 108 U/l for creatine kinase-BB for agarose and cellulose acetate respectively.
The effect of electroendosmosis on the Separation of creatine kinase isoenzymes
The effect of electroendosmosis on the Separation of creatine kinase isoenzymes of a patient bearing a bronchial carcinoma is illustrated in figure2. The migration distänces (from the Start to the middle of the band) in cm obtained for creatine kinase isoenzyme bands, using agarose types with diffefeiit electroendosmosis, were: 
Patients' specimens
Repräsentative patients' blood samples submitted for creatine kinase to the clinical chemistry laboratory were used to compare the different methods. Patients with proven myocardial infarction äs well äs no myocardial äffection were selected for these studies. All specimens with total creatine kinase catalytic activity concentration greater than 700 U/l were diluted with electrophoresis buffer or normal saline before electrophoresis was performed. The results obtained are summarized in table2 and tableS. In patients with myocardial infarction (tab. 2), values of 7 to 153 U/l were found for creatine kinase-MB when cellulose acetate and agarose electrophoresis were used. A good correlation (r = 0.991) was found between both methods. This holds true also for the immunoinhibition test for creatine kinase-MB values above 10 U/l. In specimens from 21 patients (tab. 3) with no myocardial äffection, having normal and elevated total creatine kinase activities, creatine kinase-MB was determined by the immunoinhibition test, cellulose a % cetate and agarose electrophoresis. The creatine kinase-MB percentage obtained in this group does not exceed 4% of the total creatine kinase catalytic activity. Furthermore, the cellulose acetate and agarose methods correlate well with each other (r = 0.997). In some patients, however, a good correlation between both electrophoresis methods and the immunoinhibition test was not obtained.
Data from several patients suffering from malignancies is summarized in table4. The creatine kinase isoenzyme patterns obtained by cellulose acetate and agarose electrophoresis from patients bearing a) bronchial carcinoma with massive dissemination in bone and liver, b) metastatic endometrium carcinoma and c) metastatic carcinoma of the rectum, respectively, are shown. In all three patients, an electrophoretically abnormal (cathodic) creatine kinase band was observed. In äddition to the atypical creatine kinase isoenzyme, creatine kinase-MB, creatine kinase-BB, and creatine kinase-MM were observed in the patient with bronchial carcinoma. In case c) the serum creatine kinase-MB activity obtained by the immunoinhibition test (tab. 4) is almost double that of the total creatine kinase catalytic activity. It should be emphasized that in this group, the values qbtained for the creatine kinase-BB and mitochondrial bands multiplied by a factpr of 2 and added tö that of creatine kinase^MB give the same results äs obtained by immunoinhibition.
Discussion
Various studies have been carried out to analyse the multiple forms of creatine kinase found in different animal species (l, 2) and human serui« (l, 9-11). It is well established that the measurement of creatine kinase-MB in serum is an excellent test with a high predictive value for the diagnosis of an acute myocardial infarction (10) . We describe here methods for electrophoresis on cellulose acetate membranes and electroendosmosis-low agarose gels which are specific, rapid, and gave high resolution of creatine kinase isoenzymes from biological extracts and human sera. To identify the bands obtained, the fluorescence technique was applied. With both methods, the fluorescent bands are clear, specific, intensive and with low interfering background, thus allowing a good qualitative and quantitative estimation of the respective enzyme activities. Furthermpre, the background fluorescence in both methods was even and produced a satisfactory base line on the scan tracing. No interference by either albumin or bilirubin was observed in the described methods. A value of 300 mg/1 bilirubin did not alter the base line response of the densitometer (results not shown). The phenomenon of apparently higher creatine kinase-MB catalytic activities than the expected in recovery experiments (14, 15) , including heat-inactivated sera which contain no creatine kinase-MB catalytic activity, was also observed here. Further experiments dealing with this problem showed that after starting the reaction, at least 5 min were necessary to estimate a relatively true value for total creatine kinase activity. Using this procedure, both methods gave good results compared with those obtained by using electrophoresis buffer-albumin äs diluent. In terms of technical performance, cellulose acetate, in contrast to agarose electrophoresis, is easy to perform and no further Steps are necessary for preparation and staining. Agarose showed a relatively better resolution than cellulose acetate (flg. 2), but it is time-consuming with respect to preparation and drying. Therefore, the application of the overlay cellulose acetate membranes was introduced to a) overcome the drying problem, b) allow even distribution of the reaction medium over the whole agarose film, c) allow a quantitative scanning and d) allow photographic documentation.
The results obtained correlate well with agarose film (r = 0.995) (tab. 1). However, creatine kinase-MB catalytic activity concentrations below 3 U/l were difficult to assess precisely by both methods, mainly due to the low signal to noise ratio of creatine kinase-MB fluorescence bands compared with the background fluorescence using two microliter samples.
With the reference to the specificity of these two methods, no adenylate kinase catalytic activity was observed in human tissue extracts (muscle and heart) and sera when creatine phosphate was omitted from the reaction medium. The good resolution and the remarkable sensitivity of both methods used may be due to the fact that electroendosmosis-low agarose and cellulose acetate contain very few ionized groups, thus preventing the äbsorption of biological material to the Separation medium (16).
The advantage of using electroendosmosis-low agarose over other types is obvious from the data in figure2 which clearly demonstrate the effect of electroendosmosis on the Separation of creatine kinase isoenzymes. Cellulose acetate and low electroendosmosis agarose (IF) electrophoresis give better resolution than medium and high electroendosmosis. This may partly explain the divergent results concerning creatine kinase isoenzymes in tissue and sera. The creatine kinase isoenzymes are labile and undergo a rapid, partly oxidative and partly temperature-dependent inactivation (17, 18) . The oxidative inactivation could be minimized by addition of thiol compounds to the Separation medium, to the electrophoresis buffer and the incubation medium. The observation that abnormal migration of fish muscle creatine kinase was completely abolished by addition of dithiothreitol to the electrophoresis medium is in line with our data (19) . The second type of inactivation, however, being irreversible, demands careful control of the prevailing temperature. It is known that an electrophoresis at ambient temperature (20-30°C) causes an inactivation of both creatine kinase-MB (25 -50%) and creatine kinase-BB (40 -100%) isoenzyme activities, compared to electrophoresis at 4°C (17, 18) .
In some patients with suspected myocardial infarction, however, the immunoinhibition test (creatine kinase-MB) can be misleading, owing to the presence of creatine kinase variants which are not inhibited by anti-M antibodies (tab. 4). This lack of specificity was also observed in column chromatography (20, 21) . Additionally, the immunoinhibition test lacks reproducibility at lower creatine kinase-MB levels (bel ow 10 U/l). Therefore, the application of sensitive and specific electrophoresis methods (cellulose acetate, agarose) is meaningfül in cases where either creatine kinase^BB and or macro creatine kinase prevails or higher sensitivity is required (22, 23) . The same is true for some patients with various types of carcinoma (23 -25) .
